Reaction of phenylpiperazine and nitric acid yields the new organicinorganic hybrid material of phenylpiperazinium (C 10 H 16 N 2 )(NO 3 ) 2 .H 2 O, (I). To understand the interaction between components of this salt, single crystal structure and computational studies are performed and reported. X-ray diffraction analysis was employed for the structural characterization. Computational methods were exploited for ground state structure determination and HOMO-LUMO calculations were determined. Detailed studies on ground state structure determinations as well as Electrostatic Potential Surface maps have been estimated by applying second-order Møller-Plesset (MP2) perturbation theory.
Introduction
Phenylpiperazine and its derivatives have been intensively investigated recently due to their attractive pharmacological, autonomic and cardiovascular properties [1] [2] [3] . Some phenylpiperazinium derivatives, for instance, are a well known nicotinic agonist for example, DMPP, N 1 -dimethyl-N 4 -phenylpiperazinium iodide which is reported to bind the nicotinic receptor against [ 3 H]-cytisine in rat cerebral cortex 4 . For these reasons, we continue our previous study of these species [5] [6] . In this paper, we report the synthesis and the structural study of (C 10 H 16 N 2 )(NO 3 ) 2 .H 2 O, (I). The X-ray diffraction data have been compared to the results of Synthesis, Crystal Structure and Computational Studies 773 theoretical calculations in the solid-state using the PM6-DH2 semi-empirical method 7 . More accurate investigations in gas phase by applying the second-order Møller-Plesset (MP2) perturbation theory 8 and Natural Bond Orbital (NBO) analysis 9 have been done in order to access to the mapped electrostatic potential surface and to the atomic charges of the compound.
Experimental
Single crystals of (C 10 
Crystallographic studies
The single crystal X-ray analysis data were collected on the Enraf-Nonius CAD4 diffractometer using the Ag Kα radiation ( = 0.56087 Å) at the temperature of 298 K. The structure was solved by direct method using the program SHLXS97 10 in the WinGX package 11 and refined by full-matrix least squares method SHLXL97 10 . All non-hydrogen atoms were refined isotropically and then anisotropically by full matrix least square method. All hydrogen atoms were placed geometrically and treated as riding. Crystallographic data for (I) is summarized in Table 1 . An ORTEP 12 drawing of the molecular structure is shown in Figure 1 . Crystallographic data (CIF) for the structure reported in this paper have been deposited in the Cambridge Crystallographic Data centre as supplementary materials No CCDC 828743. Copies of the data can be obtained, free of charge, from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Theoretical calculations
Solid-state semi-empirical calculations for the crystal of the title compound was carried out and HOMO-LUMO energy gap were determined by the PM6-DH2 7 method using the MOPAC2009 package 13 . Quantum calculations for a single molecule of (I) in gas phase have been performed by applying the second-order Møller-Plesset (MP2) perturbation theory 8 coupled to 6-31G ++ basis set and Natural Bond Orbital (NBO) analysis 9 by means of Gaussian 03W package 14 . Visualization of results and the mapped electrostatic potential surface calculations were performed with the GaussView 4.1.2 package 15 .
Results and Discussion

Crystal structure
The asymmetric unit of (I) consists of two nitrate anions, one 1-phenylpiperazine-1,4-diium cation and one water molecule ( Figure 1 ). In this structure, the nitrate anions are associated together in pair through bifurcated hydrogen bonds generated by water molecules forming four-membred rings which may be described as R 1 2 (4) motif in the graph-set notation 16 .
These clusters of formula [(NO 3 ) 2 .H 2 O]
2-are interconnected via organic cations via a set of N-H…O and C-H…O hydrogen bonds as shown in Figure 2 with donor-acceptor distances varying between 2.743 (3) and 3.415 (6) Å (Table 2) . (3) 3,07 (7) 3,553(10) 114
Comparison of the present structure with related phenylpiperazinium salts 5, 6 , shows that the inorganic moieties have distinct features. One can distinguish the formation of (H 2 PO 4 -) n and (HSO 4 -) n chains parallel respectively to a-direction in the case of (C 10 H 15 N 2 )H 2 PO 4 5 and c-direction in the case of (C 10 H 16 N 2 )(HSO 4 ) 2 6 . In each structural variety, the anions and the phenylpiperazinium cations are linked together by a set of H-bonds in addition to electrostatic and van der Waals interactions, generating a threedimensional network.
The aromatic ring of the organic cation is essentially planar with an rms deviation of 0.000311 Å while the diprotonated piperazine ring adopts a chair conformation, with puckering parameters 17 : Q = 0.5756(34) Å, θ = 177.64(35)° and φ = -37(9)°. The interatomic bond lengths and angles in (I) do not show significant deviation from those reported in related 1-phenylpiperazine-1,4-diium salts [5] [6] 18 .
The inter-planar distance between nearby phenyl rings is in the vicinity of 5.552 Å, which is longer than 3.80 Å, value required for the formation of π-π interactions 19 . Nevertheless, we notice the presence of the C-H…π interaction between these organic entities 20 . This kind of interaction contributes with the hydrogen bonds and the electrostatic interactions to the cohesion and stability of the network of the described crystal structure.
PM6 solid state structure calculations
Recently, the new semi-empirical method PM6 (parameterized model 6) was introduced 21 , which is superior to other semi-empirical QM methods in various aspects. Crystal structure packing of the title compound (I) were fully optimized using the parameterized model 6 (PM6-DH2) implement in MOPAC2009 13 and compared with those from X-ray diffraction data. Theoretical investigation on the structure reveals that the calculated cell parameters are close to experimental data as can be seen in 
Mapped electrostatic potential surfaces and NBO charge distribution
In the last decades, calculation of electrostatic potential maps becomes a useful tool for visualizing charge distribution in ions and neutral molecules 22 . The NBO natural charges distribution obtained from theoretical study for neutral phenylpiperazine shows that the N1 and N2 nitrogen atoms exhibit a substantional negative charge, which are donor atoms. The charge values on the nitrogen atoms are of −0.52 and −0.72 e respectively for the N1 and N2 nitrogen atoms. This large charge density indicates that the protonation of these atoms sites are possible. These atoms may also play an important role in the biological activity of phenylpiperazine derivatives 23 . However, both nitrogen atoms can react as electron donors with Lewis acid because they have electron pairs which well explain their reactivity with H + protons.
In the compound (I), the presence of two positive charges on the nitrogen affects significantly the electronic density of the cation. The NBO natural charges distribution obtained from theoretical study for cation of compound (I) shows that the charges on the nitrogen atoms are of +0.46 and +0.64 e respectively for NH + and NH 2 + groups meaning that the complement of the unit charge is delocalized over the aromatic cycle and the other cycle. Effectively, the hydrogen atom on NH + group bears a positive charge of + 0.48 e, while the two others hydrogen atoms on the NH 2 + group shared almost equally the positive charge in fact they have +0.49 and +0.51 e.
All the carbon atoms of the aromatic cycle are negatively charged and bearing a mean charge -0.20 e expects the one directly linked to the nitrogen which is positively charged of 0.08 e. The piperazine carbon atoms are negatively charged with mean charge of -0.30 e and all the hydrogen bears +0.3 e of charge. Moreover, electrostatic potential surfaces have been determined from the total electron density calculated MP2 ab-initio and mapped with electrostatic potential at 0.002 a.u. The charge distributions for the isolated cation and for the organic cation-two nitrates anions are given in Figure 3 .
HOMO-LUMO analysis
Molecular orbital and their properties are very useful for physicists and chemists. In particular, the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) and their energy gap reflect the chemical activity of the molecule [24] [25] . Recently the energy gap between HOMO and LUMO has been used to prove the bioactivity from intramolecular charge transfer [26] [27] [28] . The HOMO-LUMO energy gap for I was calculated according to PM6-DH2 7 procedures implemented in MOPAC2009 package 13 and the HOMO and LUMO orbitals drawing are depicted in Figure 4 . The found LUMO-HOMO energy gap of (I) value is 8.713 eV. This value, which is relatively large, indicates a high stability and high chemical hardness of compound (I) 29 . The HOMO are localized mainly in the nitrate anion and NH 2 + and CH 2 moieties whereas the LUMO of  nature are mostly located on the phenyl ring. LUMO as an electron acceptor represents the ability to obtain an electron; HOMO represents the ability to donate an electron. The HOMO-LUMO transition implies an electron density transfer to the phenyl ring from NO 3 -anion. The visualization of HOMO-LUMO gap is shown in Figure 4 . 
Conclusion
The novel compound (C 10 H 16 N 2 )(NO 3 ) 2 .H 2 O(I), was investigated by x-ray diffraction and different theoretical methods. In effects, the crystal structure study has been well compared by theoretical calculations with a PM6-DH2 semi-empirical method. The HOMO and LUMO energies are determined. The HOMO-LUMO energy gap value implies that compound (I) is quite stable in terms of energy and has a high chemical hardness. Natural Bond Orbital (NBO) analysis indicates the presence of donor-acceptor centers in the investigated compound and the mapped electrostatic potential surfaces calculated from the total electron density, obtained by applying the second-order-Møller-Plesset (MP2) perturbation theory, reveal a high electron density around the oxygen atoms of nitrate anions explaining the formation of electrostatic and H-bonds interactions with the two protonated nitrogen atoms of the phenylpiperazinium cation.
